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(57) ABSTRACT

A work machine includes: a work state detection unit detect-
ing a physical amount; a time integration unit calculating a
time integration value; a determination unit associating the
time integration value with a predetermined operating angle
of'an excavation-loading mechanism and determining that an
operation of an operation lever is performed at a time the time
integration value is not smaller than a predetermined integra-
tion value; a counting unit performing accumulation adding
with number of times of loading as once at a time each
operation is an excavation-loading work performed in an
order of: an excavation operation; a forward swing operation;
a soil discharge operation; and a backward swing operation; a
default setting unit setting a bucket capacity; a workload
calculation unit calculating a workload by multiplying the
number of times of loading by the bucket capacity; and an
output unit outputting the workload.
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1
WORK MACHINE AND WORK
MANAGEMENT SYSTEM

FIELD

The present invention relates to a work machine and a work
management system which can measure the number of times
of'a series of operations in an excavation-loading mechanism
which operations are performed during an excavation-load-
ing work or the like and can perform work management based
on a measurement result easily and accurately.

BACKGROUND

Manual measurement of a work amount of a work machine
such as an excavator is a burden on an operator or the like and
is troublesome, and thus, automation thereof has been pro-
posed.

On the other hand, manually-measured or automatically-
measured work amount is preferably used for management.
Accordingly, in Patent Literature 1, the number of times of
loading is measured by operation of a count switch which
operation is performed by an operator and the measured accu-
mulated number of times of loading in one day is displayed on
a monitor of an excavator.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Laid-open Patent Publication
No. 2001-3400

SUMMARY
Technical Problem

Incidentally, with respect to excavators of different auto-
mobile ranks such as a size, in order to accurately measure the
number of times of a series of operations in an excavation-
loading mechanism, it is necessary to perform different set-
tings depending on automobile ranks, and thus, general ver-
satility is lacked. The series of operations is, for example, an
excavation-loading work in which excavation, a forward
swing, soil discharge, and a backward swing are serially and
repeatedly performed.

Also, in measurement of the number of times of a series of
excavation-loading work (hereinafter, referred to as number
of times of loading) with high accuracy, work amount mea-
surement with high accuracy is eventually realized. This is
preferable with respect to work management of a work
machine or a work site and can realize more effective work
management.

This invention is provided in view of the forgoing and a
purpose thereof is to provide a work machine and a work
management system which can measure the number of times
of a series of operations, such as a loading work, in an exca-
vation-loading mechanism and can perform work manage-
ment based on a measurement result.

Solution to Problem

To solve the above-described problem and achieve the
object, a work machine according to the present invention
includes: a work state detection unit configured to detect a
physical amount output in response to an operation of an
operation lever; a time integration unit configured to calculate
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atime integration value by performing time-integration of the
physical amount; a determination unit configured to associate
the time integration value with a predetermined operating
angle of an excavation-loading mechanism, the operation
angle being associated with the operation of the operation
lever and to determine that the operation of the operation lever
is performed at a time the time integration value is not smaller
than a predetermined integration value; a counting unit con-
figured to perform accumulation adding with number of times
of'loading as once at a time each operation, of the excavation-
loading mechanism, determined by the determination unit is
an excavation-loading work performed in an order of: an
excavation operation; a forward swing operation; a soil dis-
charge operation; and a backward swing operation; a default
setting unit configured to set a bucket capacity; a workload
calculation unit configured to calculate a workload by multi-
plying the number of times of loading by the bucket capacity;
and an output unit configured to at least output the workload.

Moreover, in the above-described work machine according
to the present invention, the default setting unit is configured
to further set a default including number of a collectors and a
payload ofa collector, and the work machine further includes:
a soil amount calculation unit configured to calculate a soil
amount by multiplying the number of collectors by the pay-
load of the collector; a working rate calculation unit config-
ured to calculate a working rate based on the workload and the
soil amount; and an output unit configured to at least output
the working rate.

Moreover, in the above-described work machine according
to the present invention, the counting unit is configured to
measure basic excavation and loading time which is time
necessary for a series of excavation-loading work on which
time accumulation adding is performed, and the output unit is
configured to output operation time of the work machine
including the basic excavation and loading time.

Moreover, in the above-described work machine according
to the present invention, the output unit is configured to output
the number of times of loading.

Moreover, the above-described work machine according to
the present invention further includes a setting changing unit
configured to change various set values necessary for deter-
mination of the series of excavation-loading work, and the
setting changing unit can change various set values.

Moreover, in the above-described work machine according
to the present invention, various set values are values previ-
ously calculated by a teaching operation.

Moreover, the above-described work machine according to
the present invention further includes an operator identifica-
tion unit configured to perform individual authentication of
an operator, and a storage unit configured to associate opera-
tor identification information with number of times ofloading
of each operator and store the operator identification infor-
mation associated with the number of times of loading of each
operator.

Moreover, in the above-described work machine according
to the present invention, the operation lever is a pilot type or
an electric type, and the physical amount is a pilot pressure or
an electric signal.

Moreover, a work management system according to the
present invention includes: at least one work machine includ-
ing: a work state detection unit configured to detect a physical
amount output in response to an operation of an operation
lever; a time integration unit configured to calculate a time
integration value by performing time-integration of the physi-
cal amount; a determination unit configured to associate the
time integration value with a predetermined operating angle
of an excavation-loading mechanism, the operation angle
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being associated with the operation of the operation lever and
to determine that the operation of the operation lever is per-
formed at a time the time integration value is not smaller than
apredetermined integration value; a counting unit configured
to perform accumulation adding with number of times of
loading as once at a time each operation, of the excavation-
loading mechanism, determined by the determination unit is
an excavation-loading work performed in an order of: an
excavation operation; a forward swing operation; a soil dis-
charge operation; and a backward swing operation and also
configured to measure basic excavation and loading time
which is time necessary for a series of excavation-loading
work on which time accumulation adding is performed; and a
work machine-side communication unit configured to com-
municate with a server side and to at least output the number
of'times ofloading and the basic excavation and loading time;
and a server including: a default setting unit configured to set
a bucket capacity; a workload calculation unit configured to
calculate a workload by multiplying the number of times of
loading by the bucket capacity; an output unit configured to at
least perform a display output of the workload; and a server-
side communication unit configured to communicate with the
at least one work machine.

Moreover, in the above-described work management sys-
tem according to the present invention, the default setting unit
is configured to further set a default including number of
collectors and a payload of a collector, and the work manage-
ment system further includes: a soil amount calculation unit
configured to calculate a soil amount by multiplying the num-
ber of collectors by the payload of the collector; a working
rate calculation unit configured to calculate a working rate
based on the workload and the soil amount; and an output unit
configured to at least perform a display output of the working
rate.

Moreover, in the above-described work management sys-
tem according to the present invention, the working rate cal-
culated by the working rate calculation unit is displayed on a
display apparatus of a terminal which can access the server,
and at least one of a daily working rate of a specific work
machine, a working rate of each operator, a working rate of
each of a plurality of work machines, and a working rate of
each construction site is displayed as the working rate.

Moreover, in the above-described work management sys-
tem according to the present invention, the basic excavation
and loading time output from the work machine-side com-
munication unit with respect to at least one of a specific work
machine in each day, each operator, each of a plurality of
work machines, and each construction site is displayed on a
display apparatus of a terminal which can access the server.

According to the present invention, a work machine
includes a default setting unit to set a bucket capacity and a
workload calculation unit to calculate a workload which is the
number of times of loading multiplied by the bucket capacity
and an output unit at least outputs the workload. The work
machine calculates a time integration value by performing
time integration of a physical amount output in response to an
operation of an operation lever, determines that an operation
of'the operation lever is performed when the time integration
value and a predetermined operating angle of an excavation-
loading mechanism, which angle is associated with an opera-
tion of the operation lever, are made to correspond to each
other and when the time integration value becomes equal to or
larger than a predetermined integration value, and performs
accumulation adding with the number of times of loading as
once when the determined operations in the excavation-load-
ing mechanism are performed in a predetermined order. As a
result, itis possible to measure the number of times of a series
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of operations, such as an excavation-loading work, in the
excavation-loading mechanism and to perform work manage-
ment based on a measurement result easily and accurately.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is a perspective view illustrating an outline configu-
ration of an excavator which is an embodiment of this inven-
tion.

FIG. 2 is ablock diagram illustrating a configuration of the
excavator illustrated in FIG. 1.

FIG. 3 is a description view illustrating a relationship
between an operation direction of an operation lever and
movement of a work device or an upper swing body.

FIG. 4 is a description view for describing an excavation-
loading work by the excavator.

FIG. 5 is a time chart for describing counting processing of
the number of times of loading.

FIG. 6 is a view illustrating a relationship between a spool
stroke and a pilot pressure and a spool opening.

FIG. 7 is a time chart illustrating reset processing of a time
integration value during an excavation operation.

FIG. 8 is a state transition view illustrating basic measure-
ment processing of the number of times of loading.

FIG. 9 is a time chart for describing time integration value
holding time during the excavation operation.

FIG. 10 is a time chart illustrating a relationship between
erroneous determination of a next backward swing operation
of' when an excavation operation is performed during a back-
ward swing operation and normal determination.

FIG. 11 is a graph illustrating a variation in a pilot pressure
with respect to passage of time.

FIG. 12 is a state transition view illustrating basic measure-
ment processing of the number of times of loading which
processing includes deemed counting processing and exclu-
sion processing of a supplemental work.

FIG. 13 is a state transition view illustrating basic measure-
ment processing of the number of times of loading which
processing includes deemed counting processing, exclusion
processing of a supplemental work, and exclusion processing
corresponding to an external state.

FIG. 14 is a block diagram illustrating a detail configura-
tion of a monitor.

FIG. 15 is a view illustrating a display example of work
management using basic excavation and loading time.

FIG. 16 is a view illustrating an outline configuration of a
work management system including the excavator.

FIG.17-1 is a block diagram illustrating a configuration of
a management server.

FIG. 17-2 is a block diagram illustrating a configuration of
a work management server.

FIG. 18 is a view illustrating a display example of work
management using the number of times of loading.

DESCRIPTION OF EMBODIMENTS

In the following, an embodiment of this invention will be
described with reference to the attached drawings.

[Whole Configuration]

First, each of FIG. 1 and FIG. 2 illustrates a whole con-
figuration of an excavator 1 which is an example of a work
machine. The excavator 1 includes a vehicle body 2 and a
work device 3. The vehicle body 2 includes a lower traveling
body 4 and an upper swing body 5. The lower traveling body
4 includes a pair of traveling apparatuses 4a. Each traveling
apparatus 4a includes a crawler track 4b. Each traveling appa-
ratus 4a makes the excavator 1 travel or swing by driving the
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crawler track 46 with a right hydraulic traveling motor and a
left hydraulic traveling motor (hydraulic traveling motor 21).

The upper swing body 5 is provided on the lower traveling
body 4 in a swingable manner and swings when a swing
hydraulic motor 22 is driven. Also, in the upper swing body 5,
an operation room 6 is provided. The upper swing body 5
includes a fuel tank 7, a hydraulic oil tank 8, an engine
compartment 9, and a counterweight 10. The fuel tank 7
stores fuel to drive an engine 17. The hydraulic oil tank 8
stores hydraulic oil discharged from a hydraulic pump 18 to a
hydraulic cylinder such as a boom cylinder 14 or a hydraulic
device such as a swing hydraulic motor 22 or a hydraulic
traveling motor 21. The engine compartment 9 houses a
device such as the engine 17 or the hydraulic pump 18. The
counterweight 10 is arranged behind the engine compartment
9.

The work device 3 is attached to a center position in a front
part ofthe upper swing body 5 and includes a boom 11, an arm
12, a bucket 13, a boom cylinder 14, an arm cylinder 15, and
a bucket cylinder 16. A base end of the boom 11 is rotatably
coupled to the upper swing body 5. Also, a leading end of the
boom 11 is rotatably coupled to a base end of the arm 12. A
leading end of the arm 12 is rotatably coupled to the bucket
13.The boom cylinder 14, the arm cylinder 15, and the bucket
cylinder 16 are hydraulic cylinders driven by the hydraulic oil
discharged from the hydraulic pump 18. The boom cylinder
14 makes the boom 11 operate. The arm cylinder 15 makes
the arm 12 operate. The bucket cylinder 16 is coupled to the
bucket 13 through a link member and can make the bucket 13
operate. A cylinder rod of the bucket cylinder 16 performs an
extension/contraction operation, whereby the bucket 13 is
operated. That is, in a case of excavating and scooping soil
with the bucket 13, the cylinder rod of the bucket cylinder 16
is extended and the bucket 13 is rotated and operated from a
front side of the excavator 1 to a rear side thereof. Then, in a
case of discharging the scoped soil, the cylinder rod of the
bucket cylinder 16 is contracted and the bucket 13 is rotated
and operated from the rear side of the excavator 1 to the front
side thereof.

In FIG. 2, the excavator 1 includes the engine 17 and the
hydraulic pump 18 as driving sources. A diesel engine is used
as the engine 17 and a variable displacement hydraulic pump
(such as swash plate hydraulic pump) is used as the hydraulic
pump 18. To an output shaft of the engine 17, the hydraulic
pump 18 is mechanically joined. When the engine 17 is
driven, the hydraulic pump 18 is driven.

The hydraulic drive system drives the boom cylinder 14,
the arm cylinder 15, the bucket cylinder 16, and the swing
hydraulic motor 22 according to an operation of operation
levers 41 and 42 provided in the operation room 6 in the
vehicle body 2. Also, according to an operation of traveling
levers 43 and 44, the hydraulic traveling motor 21 is driven.
The operation levers 41 and 42 are arranged on a right side
and a left side of an operator seat (not illustrated) in the
operation room 6 and the traveling levers 43 and 44 are
arranged side by side on a front side of the operator seat. The
operation levers 41 and 42 and the traveling levers 43 and 44
are pilot levers. According to an operation of each lever, a
pilot pressure is generated. A magnitude of a pilot pressure of
each of the operation levers 41 and 42 and the traveling levers
43 and 44 is detected by a pressure sensor 55 and an output
voltage corresponding to a magnitude of the pilot pressure is
output as an electric signal. An electric signal corresponding
to the pilot pressure detected by the pressure sensor 55 is
transmitted to a pump controller 31. The pilot pressure from
each of the operation levers 41 and 42 is input into a control
valve 20 and controls an opening of a main valve which
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connects the hydraulic pump 18 with the boom cylinder 14,
the arm cylinder 15, the bucket cylinder 16, and the swing
hydraulic motor 22 in the control valve 20. On the other hand,
the pilot pressure from each of the traveling levers 43 and 44
is input into the control valve 20 and controls an opening of a
main valve which connects a corresponding hydraulic travel-
ing motor 21 and hydraulic pump 18 with each other.

In the operation room 6, a fuel adjustment dial 29, a moni-
tor 32, and aswing lock unit 33 are provided. These are placed
near the operator seat in the operation room 6 and are
arranged at places where an operation can be easily per-
formed by an operator. The fuel adjustment dial 29 is a dial
(setting device) to set an amount of fuel supply to the engine
17. A set value of the fuel adjustment dial 29 is converted into
an electric signal and is output to an engine controller 30.
Note that by embedding the fuel adjustment dial 29 into a
display/setting unit 27 of the monitor 32 and by operating the
display/setting unit 27, the amount of fuel supply may be set.
The monitor 32 includes the display/setting unit 27 which is
a display apparatus and which performs various kinds of
displaying and setting. Also, the monitor 32 includes a work
mode switching unit 28. The display/setting unit 27 or the
work mode switching unit 28 includes, for example, a liquid
crystal panel and a switch. Also, the display/setting unit 27 or
the work mode switching unit 28 may be configured as a
touch panel. As work modes switched by the work mode
switching unit 28, there are, for example, a P mode (power
mode), an E mode (economy mode), an [, mode (arm crane
mode=suspension load mode), a B mode (breaker mode), and
an ATT mode (attachment mode). The P mode or the E mode
is a mode to perform, for example, normal work such as
excavation or loading. In the E mode, an output from the
engine 17 is controlled compared to the P mode. The L. mode
is a mode switching to which is performed when a hook (not
illustrated) is attached, for example, to an attachment pin to
couple the bucket 13 and the link member and an arm crane
operation (suspension loading work) to lift a load suspended
from the hook is performed. The L mode is a fine work mode
in which control is performed in such a manner that the engine
speed is controlled and an output from the engine 17 is kept
constant and in which the work device 3 can be moved slowly.
The B mode is a mode switching to which is performed in a
case of performing an operation by attaching, as an attach-
ment, a breaker to crush arock or the like instead of the bucket
13. Also, the B mode is a mode in which control is performed
in such a manner that the engine speed is controlled and an
output from the engine 17 is kept constant. The ATT mode is
an auxiliary mode switching to which is performed when a
special attachment such as a crusher is attached instead of the
bucket 13. Also, the ATT mode is a mode in which control of
a hydraulic device is performed and a discharge rate of
hydraulic oil from the hydraulic pump 18 is controlled, for
example. A work mode signal generated by an operation of
the work mode switching unit 28 performed by an operator is
transmitted to the engine controller 30 and the pump control-
ler 31. Also, the swing lock unit 33 is a switch to turn on/off
a swing parking brake (not illustrated). The swing parking
brake is to brake the swing hydraulic motor 22 and to prevent
the upper swing body 5 from swinging. By an operation ofthe
swing lock unit 33, an electromagnetic solenoid (not illus-
trated) is driven and a brake to press a rotational part of the
swing hydraulic motor 22 along with movement of the elec-
tromagnetic solenoid is operated. A monitor input of an
ON/OFF signal of the swing parking brake in the swing lock
unit 33 is also performed into the pump controller 31.

The engine controller 30 includes a calculation processor
such as a CPU (numeric value calculation processor) and a
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memory (storage apparatus). To the engine 17, a fuel injection
apparatus 80 is attached. For example, as the fuel injection
apparatus 80, a common-rail type fuel injection apparatus is
used. Based on a set value of the fuel adjustment dial 29, the
engine controller 30 generates a signal of a control command,
transmits a signal to the fuel injection apparatus 80, and
adjusts an amount of fuel injection to the engine 17.

The pump controller 31 receives a signal transmitted from
each ofthe engine controller 30, the monitor 32, the operation
levers 41 and 42, and the traveling levers 43 and 44 and
generates a signal of a control command to perform tilt con-
trol of a swash plate angle of the hydraulic pump 18 and to
adjust a discharge rate of the hydraulic oil from the hydraulic
pump 18. Note that to the pump controller 31, a signal from a
swash plate angle sensor 184 to detect a swash plate angle of
the hydraulic pump 18 is input. The swash plate angle sensor
18a detects the swash plate angle, whereby a pump capacity
of the hydraulic pump 18 can be calculated.

Also, the pump controller 31 receives a signal transmitted
from each of the monitor 32, the pressure sensors 55 attached
to the operation levers 41 and 42 and the traveling levers 43
and 44, and the swing lock unit 33. Then, the pump controller
31 performs processing to measure a work amount of the
excavator 1. More specifically, processing to calculate the
number of times of excavation-loading work (hereinafter,
referred to as number of times of loading) and the basic
excavation and loading time which become a base of the
measurement of the work amount is performed. Details of the
number of times of loading and the basic excavation and
loading time will be described later.

The pump controller 31 includes an operation state detec-
tionunit 31a, a time integration unit 315, a determination unit
31c, a counting unit 314, a mode detection unit 31e, a travel-
ing operation detection unit 31f, and a swing lock detection
unit 31g. The operation state detection unit 31a receives a
signal output from the pressure sensor 55 and detects a pilot
pressure which is a physical amount output in response to an
operation of the operation levers 41 and 42. In this embodi-
ment, a pilot pressure to drive the bucket cylinder 16 and the
swing hydraulic motor 22 is detected in order to detect that the
excavation-loading work is performed. Note that in this
embodiment, it is assumed that a physical amount output in
response to an operation of the operation levers 41 and 42 is
apilotpressure. This is because the operation levers 41 and 42
are pilot levers. When the operation levers 41 and 42 are
electric levers, a physical amount becomes an electric signal,
such as voltage, output from a potentiometer or a rotary
encoder. Also, instead of detecting the pilot pressure, a stroke
amount of each cylinder may be directly detected by a stroke
sensor, such as a rotary encoder, attached to a cylinder rod of
each of the boom cylinder 14, the arm cylinder 15, and the
bucket cylinder 16 and the detected data may be treated as a
physical amount output in response to an operation of the
operation levers 41 and 42. Alternatively, a stroke amount of
a spool may be detected by using a stroke sensor to detect an
operation amount of a spool of a valve and the detected data
may be treated as a physical amount output in response to an
operation of the operation levers 41 and 42. Also, a flow
sensor to detect a flow rate of the hydraulic oil from the main
valve may be used and the flow rate may be assumed as a
physical amount. Moreover, an angle sensor may be provided
to each rotation shaft of the work device 3 such as the boom
11, the arm 12, or the bucket 13 and an angle sensor to detect
an angle of the upper swing body 5 is provided. By each angle
sensor, operating angles of the work device 3 and the upper
swing body 5 may be directly detected. Data of the detected
operating angles of the work device 3 and the upper swing
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body 5 may be treated as a physical amount output in response
to the operation of the operation levers 41 and 42. Note that in
the following, the bucket 13 and the upper swing body 5 will
be referred to as an excavation-loading mechanism.

The time integration unit 315 calculates a time integration
value by performing time integration of a pilot pressure. The
determination unit 31¢ associates the time integration value
with a predetermined operating angle of the excavation-load-
ing mechanism, which angle is associated with an operation
of the operation levers 41 and 42, and determines that an
operation of the operation levers 41 and 42 is performed when
the time integration value becomes equal to or larger than a
predetermined integration value. When operations, which are
determined by the determination unit 31¢, of the excavation-
loading mechanism are performed in a predetermined order,
the counting unit 314 counts the number of times of opera-
tions in the excavation-loading mechanism (number of time
of excavation-loading work, that is, number of times of load-
ing) with operations, which are in the excavation-loading
mechanism and are performed in the predetermined order, as
once. The series of operations in the excavation-loading
mechanism is an excavation-loading work and is an operation
performed in an order of excavation, a forward swing, soil
discharge, and a backward swing. The operation performed in
such an order is assumed as a pattern of the excavation-
loading work and the number of times of performance of the
pattern is counted as the number of times of loading. A detail
of the excavation-loading work will be described later.

The mode detection unit 31e detects a work mode switch-
ing to which is instructed by the work mode switching unit 28.
The traveling operation detection unit 31f determines
whether a traveling operation with the traveling levers 43 and
44 is performed based on a signal indicating a pilot pressure
output from the pressure sensor 55. The swing lock detection
unit 31g detects whether the swing lock unit 33 makes a swing
lock turned on. Note that the operation state detection unit
31a detects whether the pressure sensor 55 to detect the pilot
pressure is in an abnormal state. The abnormal state is, for
example, a case where an abnormal voltage value which is not
in a range of a normal voltage value is output for a several
seconds as a value of the output voltage in the pressure sensor
55. Thus, disconnection of the pressure sensor 55 also
becomes the abnormal state.

As described above, the operation levers 41 and 42 are
arranged on right and left sides of the operator seat (not
illustrated) in the operation room 6, the operation lever 41
being arranged on a left hand side when an operator sits on the
operator seat and the operation lever 42 being arranged on a
right hand side which is the opposite side thereof. Note that as
illustrated in FIG. 3, when the operation lever 41 is tilted to
the right side and the left side in the drawing, it is possible to
drive the swing hydraulic motor 22 and to perform a left
swing and a right swing of the upper swing body 5. Also,
when the operation lever 41 is tilted forward/backward (up-
ward/downward) in the drawing, it is possible to make the
arm cylinder 15 perform an extension/contraction drive and
to perform arm soil discharge and arm excavation. The arm
soil discharge is an operation performed when a leading end
of the arm 12 is rotated and moved from a rear side of the
excavator 1 to a front side thereof and when soil stored in the
bucket 13 is discharged. Also, the arm excavation is an opera-
tion performed when the leading end of the arm 12 is rotated
and moved from the front side of the excavator 1 to the rear
side thereof and when soil is scooped by the bucket 13. On the
other hand, when the operation lever 42 is tilted to the right
side and the left side in the drawing, it is possible to drive the
bucket cylinder 16 and to perform bucket excavation and
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bucket soil discharge. Also, when the operation lever 42 is
tilted forward/backward (upward/downward) in the drawing,
itis possible to drive the boom cylinder 14 and to lower and to
lift a boom. Note that the operation levers 41 and 42 can be
tilted in whole circumference. Thus, a combined operation
can be performed by one lever operation. For example, it is
possible to perform an operation of arm soil discharge while
performing a left swing. Note that with the traveling lever 43,
it is possible to perform right forward traveling and right
backward traveling according to an operation. Also, with the
traveling lever 44, it is possible to perform left forward trav-
eling and left backward traveling according to an operation.
That is, when only the traveling lever 43 is operated, a crawler
track 45 on a right side is driven. When only the traveling
lever 44 is operated, a crawler track 45 on a left side is driven.
When the traveling levers 43 and 44 are operated simulta-
neously, the crawler tracks 45 on the right side and the left
side are driven simultaneously. Note that a relationship
between an operation direction of the operation lever and
movement of the work device 3 or the upper swing body 5
which relationship is illustrated in FIG. 3 is an example. Thus,
a relationship between the operation direction of the opera-
tion lever and movement of the work device 3 or the upper
swing body 5 may be different from what is illustrated in FIG.
3.

[Measurement Processing of Number of Times of Loading
in Excavation-Loading Work]

First, with reference to FIG. 4 and FIG. 5, an excavation-
loading work by the excavator 1 will be described. F1G. 4isa
view illustrating a case where a dump truck 50 stands by on a
left side of the excavator 1. That is, a case where the dump
truck 50 stands by on a side close to the operation room 6
when the excavator 1 faces a direction of an excavation posi-
tion F1 is illustrated. As illustrated in FIG. 4, FIG. 5(a), and
FIG. 5(b), the excavation-loading work is a series of opera-
tions performed in an order of excavation, a forward swing,
soil discharge, and a backward swing. In the excavation, the
operation lever 42 is tilted to the left and soil is excavated by
the bucket 13 at the excavation position E1. In a case of FIG.
4, in the forward swing, the operation lever 41 is tilted to the
left to a position of the dump truck 50 which transports loaded
soil or the like. Then, the operation lever 42 is tilted to a rear
side and the upper swing body 5 is made to perform a left
swing while lifting the boom 11. In the soil discharge, the
operation lever 42 is tilted to the right and soil or the like
scooped by the bucket 13 is discharged at the position of the
dump truck 50. In a case of FIG. 4, in the backward swing, the
operation lever 41 is tilted to the right from the position of the
dump truck 50 to the excavation position E1. Then, the opera-
tion lever 42 is tilted to a front side and the upper swing body
5 is made to perform a right swing while lowering the boom
11. Note that when the excavation position E1 is placed on the
left side of the dump truck 50, the forward swing is the right
swing and the backward swing is the left swing. This case is
a case where the dump truck 50 stands by on an opposite side
of'the operation room 6 when the excavator 1 faces a direction
of'the excavation position E1. That is, the forward swing is an
operation to perform a swing from the excavation position E1
to the soil discharge position of the dump truck 50 and the
backward swing is an operation to perform a swing from the
soil discharge position to the excavation position E1.

[Basic Measurement Processing of Number of Times of
Loading]

In a case of measuring the number of times of loading, it is
necessary to accurately detect performance an operation of
each of excavation, a forward swing, soil discharge, and a
backward swing. Thus, in this embodiment, as described
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above, a time integration value which is a pilot pressure
time-integrated by the time integration unit 315 and a prede-
termined operating angle, which is associated with an opera-
tion of the operation levers 41 and 42, of the bucket 13 and the
upper swing body 5 which are the excavation-loading mecha-
nism are associated with each other. When the time integra-
tion value becomes equal or larger than the predetermined
integration value, it is determined that an operation such as
excavation by the operation levers 41 and 42 is performed.
That is, performance of each operation (excavation, forward
swing, soil discharge, or backward swing) in the excavation-
loading work is determined by using a time integration value
of'the pilot pressure. The determination is made depending on
whether the calculated time integration value is equal to or
larger than the predetermined integration value. The prede-
termined integration value corresponds to a case where the
excavation-loading mechanism which is the bucket 13 or the
upper swing body 5 moves only at a predetermined angle
along with each operation. The predetermined angle, that is,
the predetermined operating angle corresponds to an angle at
which the excavation-loading mechanism operates when
each operation is performed. With respect to the bucket 13, an
angle corresponding to movement of the bucket 13 of when an
operation of excavation or soil discharge is performed is the
predetermined operating angle. With respect to the upper
swing body 5, an angle corresponding to movement of a
swing during the excavation-loading work is the predeter-
mined operating angle. The predetermined operating angle is
an identical value even when the excavators 1 are in different
automobile ranks. A time integration value corresponding to
the predetermined operating angle varies depending on an
automobile rank. Thus, even in the excavator 1 of a different
automobile rank, the number of times of loading of each
automobile rank can be measured as long as correspondence
between a time integration value, which is a time-integrated
pilot pressure and which is calculated for each automobile
rank by the time integration unit 315, and a predetermined
operating angle of the excavation-loading mechanism which
angle is associated with an operation of the operation levers
41 and 42 is set.

For example, in the excavation, as illustrated in FIG. 5(¢),
apilot pressure generated when the operation lever 42 is tilted
to the left to move the bucket 13 is detected. When the pilot
pressure becomes equal to or higher than an integration start-
ing pressure P1, time integration of the pilot pressure is
started. At a point at which the time integration value becomes
equal to or larger than S1, it is determined that the excavation
operation is performed. The time integration value S1 is an
excavation time integration value S1 and corresponds to a
predetermined operating angle of the bucket 13 in a case
where the excavation is performed. With respect to an opera-
tion such as a forward swing, soil discharge, or a backward
swing, time integration of each pilot pressure is started when
each pilot pressure becomes equal to or higher than the inte-
gration starting pressure P1. With respect to the forward
swing and the backward swing, a pilot pressure generated
when the operation lever 41 is tilted to the left or right is
detected and a time integration value S2 or S4 is calculated.
With respect to the soil discharge, a pilot pressure generated
when the operation lever 42 is tilted to the right is detected and
atime integration value S3 is calculated. The time integration
value S2 of the forward swing, the time integration value S3
of'the soil discharge, and the time integration value S4 of the
backward swing respectively correspond to the predeter-
mined operating angles of the upper swing body 5, the bucket
13, and the upper swing body 5. Acquisition of the time
integration values S1 to S4 by the time integration unit 315
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means that the bucket 13 or the upper swing body 5 moves
equal to or more than the predetermined operating angle.

That is, in this embodiment, it is determined whether each
operation is performed by using, as a threshold, a time inte-
gration value of a pilot pressure which value is prescribed by
a predetermined operating angle of the upper swing body 5
and the bucket 13, that is, the excavation-loading mechanism.
Then, when it is determined that operations in the excavation-
loading mechanism are performed in an order of the excava-
tion, the forward swing, the soil discharge, and the backward
swing, the number of times of loading is counted as once and
accumulation calculation of the number of times of loading is
performed. It is possible to use a pilot pressure, which is
detected by the pressure sensor 55 mounted on an existing
excavator 1, by using the time integration value prescribed by
the predetermined operating angle of the excavation-loading
mechanism. Thus, it is possible to perform calculation of the
number of times of loading in a simple manner. In addition,
since prescription with the predetermined operating angle is
performed, it is only necessary to previously calculate time
integration values, which differ depending on automobile
ranks, by using an identical predetermined operating angle
even when automobile ranks are different from each other.
Each time integration value can be used as a threshold of
operation determination. That is, such measurement process-
ing of the number of times of loading has high general ver-
satility. Also, it is not necessary to perform setting which
depends on a work site when such basic measurement pro-
cessing of the number of times of loading is used. Thus, it is
possible to measure the number of times of loading without
consideration of a place where the work site in which each
excavator 1 is operated is.

Information of the accumulated number of times of loading
is transmitted, for example, to the monitor 32 and the monitor
32 measures the work amount. The measurement of the work
amount is performed by multiplying the accumulated number
of times of loading by a previously-set bucket capacity. The
result is displayed, for example, on a display unit of the
monitor 32. Note that in this embodiment, operation time
necessary for a series of excavation-loading work is accumu-
lated and the accumulated operation time is output as a basic
excavation and loading time, for example, to the monitor 32
and is displayed on the display/setting unit 27 of the monitor
32. The measurement of the work amount may be performed,
for example, by using a computer or a mobile computer
provided outside the excavator 1 such as a distant place. That
is, information of the accumulated number of times ofloading
may be transmitted to the outside by using wireless or wired
communication. The accumulated number of times of loading
may be received by a reception apparatus included in the
outside and measurement of a work amount may be per-
formed by using a bucket capacity stored in an external stor-
age apparatus.

FIG. 6 is a view illustrating a variation in a size of each of
a pilot pressure and a spool opening with respect to a spool
stroke. Here, as illustrated in FIG. 6, in a region where the
pilot pressure is small, a spool stroke of a main valve (not
illustrated) is zero. Thus, when the pilot pressure becomes
equal to higher than the above-described integration starting
pressure P1, time integration is started.

Also, time integration processing of each operation is
simultaneously performed in parallel. Accordingly, when the
time integration values S1 to S4 of operations are calculated,
time integration processing in each operation is reset and the
excavation-loading work is repeatedly performed. Thus, it is
necessary to repeatedly perform time integration processing.
FIG. 7 is a time chart illustrating reset processing of a time

10

15

20

25

30

35

40

45

50

55

60

65

12

integration value during an excavation operation. An upper
view in FIG. 7 is a view illustrating a variation in a pilot
pressure with respect to passage of time and a shaded part
corresponds to a time integration value of the pilot pressure.
Also, a lower view in FIG. 7 is a view illustrating a variation
in a spool opening with respect to passage of time and a
shaded part corresponds to an integration value of a spool
opening area. As illustrated in FIG. 7, the reset processing is
performed with a case, where the pilot pressure becomes
lower than the integration starting pressure P1, as a reference.
In order to eliminate an influence of a noise or the like, the
reset processing is performed in predetermined time At2 after
the pilot pressure becomes lower than the integration starting
pressure P1. That is, the integration starting pressure P1 is an
integration starting pressure and is also an operation end
predetermined value which is a threshold for determination of
an end of the processing. The predetermined time At2 is
provided with respect to an excavation operation and a soil
discharge operation and varies for each operation.

Here, with reference to a state transition view illustrated in
FIG. 8, the basic measurement processing of the number of
times of loading will be described. In the basic measurement
processing of the number of times of loading, there are an
initial state ST0, an excavation state ST1, a forward swing
state ST2, a soil discharge state ST3, a backward swing state
ST4, and a completion state ST5.

First, in the initial state ST0, a state stay time TT is set as
zero and a swing direction flag FA is set as zero. When a
condition 01 is satisfied in the initial state STO, transition into
the excavation state ST1 is performed (S01). The condition 01
is the excavation time integration value being equal to or
larger than S1, the pilot pressure being equal to or lower than
P2, and elapsed time after the pilot pressure becomes equal to
or lower than P2 being equal to or longer than ATS. The pilot
pressure P2 is a threshold used to determine whether an
operation of the excavation is over and the state transition in
FIG. 8 is possible. A detail of the state transition view in FIG.
8 will be described later.

FIG. 9 is a time chart for describing time integration value
holding time during the excavation operation. Here, in the
excavation operation, there is a case where a full lever opera-
tion to tilt the operation lever 42 to a tiltable stroke is not
performed. That is, in order to perform the excavation, there
is a case where the excavation operation is performed by
tilting or pulling up the operation lever 42. As a result, as
illustrated in an upper view in FIG. 9, there may be a case
where an intermittent lever operation is performed in such a
manner that a pilot pressure with respect to passage of time is
increased or decreased with the integration starting pressure
P1 as a border. Thus, elapsed time At2 (time integration value
holding time) after the pilot pressure becomes equal to or
lower than the integration starting pressure P1 is set as an
adequately-large value in response to the excavation opera-
tion and it is made possible to determine an intermittent
excavation operation as one excavation operation. Even when
the pilot pressure becomes equal or lower than the integration
starting pressure P1, in a case where the time integration value
holding time At2 is not passed yet, the time integration pro-
cessing is continued. Note that the swing operation is basi-
cally a full lever operation. Thus, at a time point at which the
pilot pressure becomes equal to or lower than the integration
starting pressure P1, the time integration processing is ended
and the held time integration value is deleted (reset).

A lower view in FIG. 9 is a view illustrating a variation in
a size of the excavation time integration value with respect to
passage of time. As illustrated in FIG. 9, when the time
integration is reset immediately at a time point t2 at which the
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pilot pressure becomes equal to or lower than the integration
starting pressure P1, only an excavation time integration
value having a size indicated by an intersection point SS
between a broken line extended upward from the time point t2
and a solid line SL indicating an increase of the excavation
time integration value in the lower view in F1G. 9 is acquired.
Practically, it is necessary that an excavation time integration
value indicated by the solid line SL in the lower view in FIG.
9 is acquired at a time point t4 and that it is determined that an
excavation operation is performed when the excavation time
integration value exceeds S1. That is, when the time integra-
tion is reset immediately at the time point t2 at which the pilot
pressure becomes equal to or lower than the integration start-
ing pressure P1, a time integration value up to the time point
12 is lost. Even when a time integration value is newly calcu-
lated from the time point t3 and the time point t4 is reached as
indicated by the broken line BL, the excavation time integra-
tion value does not become equal to or larger than S1. Thus,
it is not possible to perform transition into the excavation state
ST1 although the excavation operation is practically per-
formed in a period until the time point t4. Thus, the time
integration value holding time At2 having a time of predeter-
mined length is set.

Incidentally, in the excavation-loading work, a next exca-
vation operation may be started during the backward swing
operation. When a determination end of the excavation opera-
tion is performed with a time integration value, there is a case
where a next backward swing operation is determined erro-
neously. That is, the case is a case where an operation of the
operation lever 42 for the bucket excavation is performed
while an operation of the operation lever 41 for the backward
swing is performed after the soil discharge is over. In the
operation of the excavator 1 in such a case, the bucket 13
performs movement of the excavation while the upper swing
body 5 swings in a direction of the backward swing. FIG. 10
is a time chart illustrating a relationship between erroneous
determination of a next backward swing operation of when an
excavation operation is performed during the backward
swing operation and normal determination. Note that in an
upper view in FIG. 10, a pilot pressure PP1 is illustrated.
However, the pilot pressure PP1 is a different notation of the
pilot pressure P1 described above and has the same meaning.
Also, in the upper view in FIG. 10, a pilot pressure PP2 is
illustrated. However, the pilot pressure PP2 is a different
notation of the pilot pressure P2 and has the same meaning.
Curved lines L0 to L4 illustrated in a lower view in FIG. 10
are illustrated by straight lines as a matter of convenience.
According to a way of performing a lever operation, there are
a case where a time integration value monotonically increases
in a linear functional manner and a case where the time
integration value does not increase in that manner. In the
following description, expression is made as a curved line.

For example, as illustrated in FIG. 10, in a case where a
next excavation operation is started in the middle of the back-
ward swing operation, in the first backward swing operation,
a time integration value of the curved line L0 is acquired and
end determination of the backward swing operation is per-
formed at a point PO (time point t0) on the curved line 0. In
the next excavation operation, a time integration value of the
curved line L1 is acquired. Since the time integration value
reaches S1 at a point P1 (time point t1) on the curved line L1,
end determination of the excavation operation is performed.
Accordingly, the pump controller 31 acquires a time integra-
tion value of a next swing (forward swing). However, since
the pilot pressure of the backward swing is not lower than
PP1, the time integration value of the curved line L0 is not
reset and a time integration value at a point P2 on the curved
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line L0 is acquired as a time integration value of the forward
swing. In the basic measurement processing of the number of
times of loading, the following rule is provided. That is, the
forward swing may be a right swing or a left swing. Also,
when the forward swing is the right swing, the backward
swing has to be the opposite thereof and has to be a left swing.
When the forward swing is the left swing, the backward swing
has to be the opposite thereof and has to be a right swing.
When the operation lever 41 is tilted to the right or left, a pilot
pressure of the right swing or a pilot pressure of the left swing
is generated. Two pressure sensors 55 to detect a pilot pres-
sure associated with an operation of the swing are provided.
There are a pressure sensor 55 to detect the pilot pressure of
the right swing and a pressure sensor 55 to detect the pilot
pressure of the left swing. For example, when a lever opera-
tion of the right swing is performed, a swing direction flag FA
is set in a signal output from the pressure sensor 55 to detect
the pilot pressure of the right swing. When a lever operation
of the left swing is performed, the swing direction flag FA is
set in a signal output from the pressure sensor 55 to detect the
pilot pressure of the left swing. However, in the excavation-
loading work, it is determined whether the left swing is per-
formed or the right swing is performed after the excavation
depending on a positional relationship among the excavation
position E1, the excavator 1, and the dump truck 50. Thus,
with respect to the forward swing, in the basic measurement
processing of the number of times of loading, the right and
left are not distinguished from each other. However, a swing
direction ofthe forward swing and that of the backward swing
have to be the opposite from each other. Thus, the above rule
is provided.

Here, the point P2 is a time integration value calculated
from a pilot pressure generated during a right swing. Thus, it
is determined that the forward swing is a right swing. Then,
the pump controller 31 tries to acquire a time integration
value of a soil discharge operation which is the following
operation of the forward swing. Thus, although a normal time
integration value of the forward swing is on the curved line
L2, a state transition into the forward swing is skipped, an
operation of the soil discharge is performed, and the time
integration value reaches S3 at the point P3 on the curved line
L3 which is a time integration value of the soil discharge
operation. Accordingly, end determination of the soil dis-
charge operation is performed. The pump controller 31 fur-
ther acquires a time integration value of the backward swing
operation. At the point P4 on the curved line 14, the time
integration value reaches S4, and thus, an operation of the
backward swing is performed. A time integration value for
determination that the operation of the backward swing is
performed is satisfied. However, a swing direction is not a left
swing but a right swing although it is previously determined
that the forward swing is the right swing. Thus, erroneous
determination that the backward swing is skipped is per-
formed.

The erroneous determination is caused because a time inte-
gration value of the previous swing operation remains with-
out being reset immediately after the time point t1 at which
the end determination of the excavation operation is per-
formed at the point P1. Thus, in this embodiment, the end
determination of the excavation operation is delayed and a
time integration value of the backward swing operation is
brought into a reset state during the end determination of the
excavation operation. In order to make the state, the time
integration value of the excavation operation becomes equal
to or larger than S1 and the pilot pressure becomes equal to or
lower than PP2. Also, in order to eliminate an influence of a
noise or the like, end determination of the excavation opera-
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tion is performed when predetermined time ATS passes from
a time point at which the pilot pressure becomes equal to or
lower than PP2. The predetermined time ATS is, for example,
time which is twice of a sampling period (see FIG. 11). FIG.
11 is a graph illustrating a variation in a pilot pressure with
respect to passage of time. That is, as illustrated in FIG. 11,
the predetermined time ATS is twice of a period to perform
sampling of the pilot pressure and is time which is twice of
time between two continuous sampling points SP. In such a
manner, end determination of the excavation operation is not
performed due to detection of an instantaneously-decreased
pilot pressure and erroneous determination is prevented. Note
that as described in the above and in FIG. 9, time integration
processing of the excavation is reset at a time point at which
time integration value holding time At2 passes from a time
point t1' at which a pilot pressure generated by an operation of
the excavation becomes equal to or lower than the integration
starting pressure PP1. Note that as described in the present
embodiment, the predetermined time ATS is preferably pro-
vided but is not what must be provided.

More specifically, as illustrated in FIG. 10, when such
processing is performed, end determination of the excavation
operation is temporarily performed at the point P1' (time
point t1') on the curved line L1 of the time integration value of
the excavation after end determination of the backward swing
is performed at the point PO (time point t0). Then, end deter-
mination of the excavation operation is performed at a point
P1" after the predetermined time ATS further passes from the
point P1'. Then, since the time integration value of the for-
ward swing reaches S2 at a point P2' on the curved line 1.2
indicating the time integration value of the forward swing,
end determination of the forward swing is performed. More-
over, since the time integration value of the soil discharge
reaches S3 at the point P3 on the curved line L3, the end
determination of the soil discharge operation is performed.
Furthermore, since the time integration value of the backward
swing reaches S4 at the point P4 on the curved line L4, it is
possible to perform end determination of the backward swing
in a normal manner.

Now, referring back to FIG. 8, when a state becomes the
excavation state ST1, state stay time TT in the excavation
state ST1 is clocked. Here, it is assumed that the state stay
time TT is T1. When a condition 12 is satisfied in the exca-
vation state ST1, transition into the forward swing state ST2
is performed (S12). The condition 12 is a swing time integra-
tion value being equal to or larger than S2. Note that as
described above, a swing direction of the forward swing may
be either of the right and the left in the basic measurement
processing of the number of times of loading. However, for
transition determination into the following backward swing
state ST4, it is determined whether a swing is the right swing
orthe left swing based on a pilot pressure generated according
to a tilted direction of the operation lever 41 as described
above, that is, an electric signal output from the pressure
sensor 55. As a result, when the swing is the right swing, the
swing direction flag FA is set on the right and when the swing
is the left swing, the swing direction flag FA is set on the left.
Also, in transition into the forward swing state ST2, the state
stay time TT is reset into zero.

Also, when state stay time T1 in the excavation state ST1 is
equal to or longer than predetermined time TT1 (condition
10), transition into the initial state ST0 is performed (S10).

When a state becomes the forward swing state ST2, state
stay time TT in the forward swing state ST2 is clocked. Here,
it is assumed that the state stay time TT is T2. When a
condition 23 is satisfied in the forward swing state ST2,
transition into the soil discharge state ST3 is performed (S23).
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The condition 23 is a soil discharge time integration value
being equal to or larger than S3 and a right/left swing time
integration value being smaller than AS. Also, during transi-
tion into the soil discharge state ST3, the state stay time TT is
reset into zero. A reason why it is provided in the condition 23
whether the right/left swing time integration value is smaller
than AS will be described. When the soil discharge is per-
formed, a swing is not supposed to be performed. The right/
left swing time integration value is a time integration value of
the pilot pressure generated by an operation of the right swing
or the left swing of the operation lever 41. In the forward
swing state (ST2), by determining whether a swing is per-
formed in such a manner that the right/left swing time inte-
gration value exceeds a predetermined value (AS), it is deter-
mined whether state transition into the soil discharge state
ST3 can be performed. When the right/left swing time inte-
gration value exceeds AS, work of performing a swing during
the soil discharge is assumed and the work is, for example,
spreading soil on a predetermined range. In this case, transi-
tion into the initial state STO is performed (S20) and a count
number of the number of times of loading is prevented from
being erroneously determined.

Also, when the state stay time T2 in the forward swing state
ST2 is equal to or longer than predetermined time TT2 (con-
dition 20), transition into the initial state STO is performed
(S20).

When a state becomes the soil discharge state ST3, state
stay time TT in the soil discharge state ST3 is clocked. Here,
it is assumed that the state stay time TT is T3. When a
condition 34 is satisfied in the soil discharge state ST3, tran-
sition into the backward swing state ST4 is performed (S34).
The condition 34 is a swing time integration value being equal
to or larger than S4. Note that in the condition, the swing time
integration value is a time integration value of the left swing
when a swing direction is an opposite direction of a forward
swing direction, that is, when the swing direction flag FA is on
the right and the swing time integration value is a time inte-
gration value of the right swing when the swing direction flag
FA is on the left. Also, during transition into a backward
swing state ST4, the state stay time TT is reset into zero.

Also, when state stay time T3 in the soil discharge state
ST3 is equal to or longer than predetermined time TT3 (con-
dition 30), transition into the initial state STO is performed
(S30).

When a state becomes the backward swing state ST4, state
stay time TT in the backward swing state ST4 is clocked.
Here, it is assumed that the state stay time TT is T4. When a
condition 45 is satisfied in the backward swing state ST4,
transition into the completion state ST5 is performed (S45).
In the condition 45, when the swing direction flag FA is on the
right, a swing time integration value of the left swing is zero
and when the swing direction flag FA is on the left, a swing
time integration value of the right swing is zero and the state
stay time T4 is equal to or longer than predetermined time
TT4.

Also, when the state stay time T4 in the backward swing
state ST4 is shorter than the predetermined time TT4 (condi-
tion 40), transition into the initial state STO is performed
(S40).

When a state becomes the completion state ST5, the num-
ber of times of loading is counted only once and accumulation
adding is performed. When there is the previously-accumu-
lated number of times of loading, one is added to the number
of times of loading. The calculated number of times of load-
ing is stored into a storage apparatus (not illustrated) included
in the pump controller 31. A timer function (not illustrated) is
embedded into the pump controller 31. Time used from the
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start of the excavation until the completion of the backward
swing in a case where the number of times of loading is
counted as once is measured. That is, clocking in a timer is
started when it is detected that a pilot pressure of the excava-
tion exceeds the predetermined integration starting pressure
P1 such as what is illustrated in FIG. 5. Then, soil discharge
is performed after the forward swing and the backward swing
is performed. When transition into the completion state STS
is performed, clocking in the timer is ended and time from the
start to the end is calculated as basic excavation and loading
time. The calculated basic excavation and loading time is
stored into the storage apparatus (not illustrated) included in
the pump controller 31. Then, transition into the initial state
STO is performed (S50).

[Deemed Counting Processing]

Incidentally, the above-described series of excavation-
loading work, there is a case where the excavation operation
to the forward swing operation are performed in the first
excavation-loading work and holding still in a state of waiting
for the dump truck 50 is performed. Also, there is a case where
the backward swing is not performed after the soil discharge
and waiting for an arrival of a next dump truck 50 is directly
performed. Inthis case, the clocked state stay time T2 exceeds
the predetermined time TT2 and transition into the initial state
is performed (S20). Thus, there is a case where accumulation
adding of the number of times of loading is not performed
once and the number of times of loading is erroneously deter-
mined. Also, there is a case where holding still is performed
without performing the backward swing operation after the
soil discharge and waiting for the dump truck 50 is performed.
In this case, the clocked state stay time T3 also exceeds the
predetermined time TT3 and transition into the initial state is
performed (S30). Thus, there is a case where accumulation
adding of the number of times of loading is not performed
once and the number of times of loading is erroneously deter-
mined.

That is, in the basic measurement processing of the number
of times of loading, in a case of determining whether an
operation, of the excavation-loading mechanism, such as an
excavation operation included in a series of excavation-load-
ing work is performed, when a state stay time in a state of an
operation of an identical excavation-loading mechanism
passes predetermined time without a condition to perform
transition into an operation of a next excavation-loading
mechanism being satisfied, transition into the initial state is
performed and counting processing of the number of times of
loading is reset. However, even in a case of performing such
reset processing, there is a specific state to be counted as the
number of times of loading. When the specific state is missed,
erroneous determination is made.

Thus, in this embodiment, a state transition condition illus-
trated in FIG. 12 is added and deemed counting processing to
assume a specific operation, which may be performed during
a series of excavation-loading work, as once in performance
of the excavation-loading work.

First, non-operation time Ata after a swing is set previ-
ously. When a specific state such as a condition 25 is satisfied
in the forward swing state ST2, transition into the completion
state ST5 is performed and accumulation counting of the
number of times of loading is performed once (S25). The
condition 25 is the non-operation time other than the excava-
tion or the swing being equal to or longer than Ata and a
deemed completion flag Fa being zero, that is, the deemed
counting processing being never performed. The non-opera-
tion time other than the excavation or the swing means that all
of bucket soil discharge non-operation time, boom lifting
non-operation time, boom lowering non-operation time, arm
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excavation non-operation time, and arm soil discharge non-
operation time become equal to or longer than the non-opera-
tion time Ata after the swing. Note that the non-operation
time of the excavation or the swing is excluded because there
is a case where a swing operation is stopped in the middle of
the operation or a case where an operation is performed by
moving the bucket 13 in a small motion while folding still. It
is because there is a case where the bucket 13 filled with soil
or the like is naturally lowered by its own weight and it is
necessary to perform operation to lift the lowered bucket 13
(tilting operation of operation lever 42 to left side, that is, to
bucket excavation side).

Note that a case where the deemed counting processing by
the condition 25 is necessary is a case where the excavation-
loading work is performed by the excavator 1 for five times to
fill one dump truck 50 with soil. That is, the deemed counting
processing is necessary in the first series of excavation-load-
ing work or in the last (fifth) series of excavation-loading
work among five times of the excavation-loading work. Thus,
in a case where the condition 25 is satisfied, the deemed
completion flag Fa is set as one and the deemed completion
flag Fa being zero is a condition in the condition 25. That is,
the deemed counting processing being never performed is a
condition. Note that when the soil discharge operation is
performed next, the deemed completion flag Fo. is set as zero.

Moreover, non-operation time Atf after the soil discharge
is previously set. Then, when a specific state such as a con-
dition 35 is satisfied in the soil discharge state ST3, transition
into the completion state ST5 is performed and accumulation
counting of the number of times of loading is performed once
(S35). The condition 35 is non-operation time other than the
excavation being equal to or longer than the non-operation
time Atp after the soil discharge. Note that the non-operation
time of the excavation is excluded because there is a case
where the operation to move the bucket in a small motion
during the holding still is performed as described above.

[Exclusion Processing of Supplemental Work]

Incidentally, supplemental work may be started during a
series of excavation-loading work in practical work. For
example, there is a case where a soil discharge operation is
performed immediately after the excavation operation is per-
formed or a case where an opposite swing operation is per-
formed immediately after the swing operation is performed.
The supplemental work is work, in which an order of opera-
tions of the excavation-loading mechanism included in a
series of excavation-loading work is different, and is work
similar to the series of excavation-loading work. Thus, there
is a case where erroneous determination is made. Thus, in this
embodiment, such supplemental work is considered as a spe-
cific state and excluded actively and erroneous determination
is eliminated.

That is, in the excavation state ST1, a condition 10a, in
which a soil discharge time integration value becomes equal
to or larger than a soil discharge time integration value S3a
after the excavation, is added. When the condition 10a is
satisfied, transition into the initial state STO is performed
(S10). The soil discharge time integration value S3a after the
excavation is a previously-set value. Also, in the forward
swing state ST2, a condition 20a, in which a swing time
integration value in an opposite direction of a swing direction
indicated by a current swing direction flag FA becomes equal
to or larger than S4a, is added. When the condition 20a is
satisfied, transition into the initial state STO is performed
(S20). The swing time integration value S4q after the swing is
a previously-set value.

[Exclusion Processing Corresponding to External State]
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Incidentally, there is a case where a series of operations in
which the traveling levers 43 and 44 are operated and a
traveling operation is mixed is not a series of excavation-
loading work. When this is not considered, the number of
times of loading may be counted as long as an operation of the
operation levers 41 and 42 is detected by the pilot pressure. It
is necessary to eliminate such erroneous determination.

Also, even when a work mode is a mode not to perform a
series of excavation-loading work, the number of times of
loading may be counted as long as an operation of the opera-
tion levers 41 and 42 is detected by the pilot pressure.

Moreover, a case where the swing lock unit 33 is operated
and a swing lock of the upper swing body 5 is performed is a
case in which it is not intended to perform a swing. When this
is not considered, the number of times of loading may be
counted as long as an operation of the operation levers 41 and
42 is detected by the pilot pressure.

Also, when the pressure sensor 55 to detect a pilot pressure
is broken or when a communication line to connect the pres-
sure sensor 55 and the pump controller 31 is disconnected, an
erroneous time integration value is calculated and erroneous
determination is made when such an abnormal state is not
considered. Erroneous determination in such a case is to be
eliminated.

Each of these states is a state (specific operation state) in
which a specific operation not related to a series operations of
the excavation-loading mechanism is performed in a state in
which an operation of the excavation-loading mechanism,
which operation is related to an operation in the series of
excavation-loading work, can be performed. In the specific
operation state, it is necessary to reset counting processing of
the number of times of loading and to prevent erroneous
determination.

Thus, as illustrated in a state transition view in FIG. 13, an
exclusion condition is further added. However, with respect
to the traveling operation, an operator may accidentally
touches the traveling levers 43 and 44 without intending to
perform the traveling operation. In this case, resetting the
counting processing of the number of times of loading
adversely causes erroneous determination. Thus, determina-
tion whether a state is the traveling work state is made simi-
larly to each operation of the excavation, the swing, and the
soil discharge. That is, when a traveling time integration value
of' the pilot pressure of each of the traveling levers 43 and 44
is acquired and the traveling time integration value becomes
equal to or larger than a traveling time integration value Sa.
for traveling determination, it is determined that a state is the
traveling work state. The traveling time integration value Sa
for traveling determination is a previously-set value. When
the operator operates the traveling levers 43 and 44 with an
obvious intention to perform a traveling operation, a rela-
tively-large traveling time integration value is acquired. As
the relatively-large traveling time integration value, Sa. is set.
Accordingly, even when the operator touches the traveling
levers 43 and 44 during the series of excavation-loading work,
it is possible to perform the counting processing of the num-
ber of times of loading in a normal manner.

That is, as illustrated in FIG. 13, in the initial state STO0, a
condition 015 is added to the condition 01 as an AND condi-
tion. In the condition 015, a traveling time integration value is
smaller than the traveling time integration value Sc. for trav-
eling determination, a work mode is not set as the AT'T mode,
the B mode, or the . mode (ATT/B/LL mode signal is OFF),
there is no abnormality in the pressure sensor 55 to detect the
pilot pressure (pilot pressure sensor abnormal flag is OFF),
and the swing lock unit 33 is not operated and the upper swing
body 5 can swing (swing lock flag is OFF).
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Also, each of the conditions 10 and 10a and the conditions
20 and 20a is an OR condition. Conditions 1054, 205, 305, and
405 are further added as OR conditions. In each of the con-
ditions 105, 205, 305, and 404, a traveling time integration
value is equal to or larger than the traveling time integration
value Sa for traveling determination, a work mode is set as
any of the ATT/B/L. modes (ATT/B/L. mode signal is ON),
there is an abnormality generated in the pressure sensor 55 to
detect the pilot pressure (pilot pressure sensor abnormal flag
is ON), or the swing lock unit 33 is operated and the upper
swing body 5 is not able to swing (swing lock flag is ON).
Note that in the above-described specific operation state,
instead of resetting the counting processing of the number of
times of loading as described above, accumulation adding of
the number of times of loading may be tentatively performed
in the specific operation state and counting processing of the
number of times of generation of the specific operation state
may be separately performed. Then, a calculation to perform
subtraction processing of the number of times of generation
of the specific operation state from the calculated number of
times of loading, that is, correction processing may be per-
formed and the correct number of times of loading may be
calculated. The subtraction processing is performed, for
example, after a daily operation is over. Thus, the calculated
correct number of times of loading can be used for daily work
management. As described above, even when there is a spe-
cific operation state, by performing reset processing or cor-
rection processing of counting processing of the number of
times of the excavation-loading work, erroneous determina-
tion of the number of times of loading can be prevented.

[Work Management Processing]

From the storage apparatus (not illustrated) of the above-
described pump controller 31, the monitor 32 at least acquires
the number of times of loading and the basic excavation and
loading time. As illustrated in FIG. 14, the monitor 32
includes a number of times of loading acquisition unit 60, a
basic excavation and loading time acquisition unit 61, a
default setting unit 62, a workload calculation unit 63, a soil
amount calculation unit 64, a working rate calculation unit 65,
an input/output unit 66, and a storage unit 67. Moreover, the
monitor 32 includes an operator identification unit 70 and a
setting changing unit 71.

The default setting unit 62 holds, in the storage unit 67, data
(default) indicating a bucket capacity of the excavator 1, the
number of dump trucks, and a dump truck payload, input
setting of the data being performed by the input/output unit
66. The dump truck payload is an amount of soil which can be
loaded on one dump truck. Note that in the present embodi-
ment, a case of loading soil into the dump truck 50 has been
described. However, in a case where soil or the like is loaded
by the excavator 1 into a transportation vessel, which includes
a pallet used for dredging operation of a port and harbor,
instead of the dump truck 50, work management processing
described in the following can be also executed. A payload of
the pallet of the transportation vessel and the number of
transportation vessels are held in the storage unit 67. Alter-
natively, in a case where excavation and loading of soil or the
like into a train or a carriage instead of the dump truck 50 is
performed, it is also possible to execute the work manage-
ment processing when necessary data is stored in the storage
unit 67. That is, the present embodiment can be applied to a
case where soil or the like is loaded into various collectors
such as the dump truck 50, a transportation vessel, a train, and
a carriage.

The workload calculation unit 63 calculates a workload
which is calculated by integrating a bucket capacity to the
number of times of loading acquired by the number of times
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of loading acquisition unit 60 and holds, for example, the
calculated daily workload in the storage unit 67. The soil
amount calculation unit 64 calculates a soil amount which is
calculated by multiplying the number of dump trucks by a
dump truck payload and holds, for example, the calculated
daily soil amount in the storage unit 67. The working rate
calculation unit 65 calculates a value, which is a soil amount
divided by a workload, as a working rate and holds, for
example, the calculated daily working rate in the storage unit
67.

Here, it is assumed that the workload is a summed value of
the soil amount and work to be counted. The work to be
counted means work which is not actual excavation-loading
work by the excavator 1. For example, in a case where the
bucket 13 is operated and a swing operation of the upper
swing body 5 is performed without actually excavating soil,
such an operation may be determined as one excavation-
loading work (number of times of loading). In such a manner,
in a case where an operation of the excavation-loading
mechanism which operation is not the actual excavation-
loading work is performed (case where the work to be
counted is performed), the number of times of loading is
counted since it is not detected whether soil is in the bucket
13. Thus, the number of times of loading acquired by the
number of times of loading acquisition unit 60 becomes
greater than the number of times of loading corresponding to
the soil amount. That is, there may be a case where the
workload and the soil amount are identical. However, a work-
load in the other case becomes a value larger than the soil
amount. Thus, when a working rate is calculated, it is possible
to understand in what degree the work to be counted is per-
formed and to understand in what degree the excavation-
loading work is performed by contraries.

For example, the monitor 32 graphs each daily data such as
aworkload, a soil amount, and a working rate and outputs the
graph from the input/output unit 66. The graph in which each
data is used may be displayed on the display/setting unit 27 of
the monitor 32. Also, the monitor 32 includes an output unit
which can output each data in a wireless or wired manner and
may output each data such as the workload, the soil amount,
or the working rate to the outside of the excavator 1 through
the output unit.

Also, for example, as illustrated in FIG. 15, the monitor 32
performs a display output of a daily ratio of excavation-
loading working time with respect to work time of the exca-
vator 1 by using moving body information such as basic
excavation and loading time acquired by the basic excavation
and loading time acquisition unit 61, traveling time acquired
from the engine controller 30 or the like, working time
clocked by a service meter, or idling time. Also, the monitor
32 may perform a display output of daily basic excavation and
loading time. Above-described each data (workload, soil
amount, working rate, ratio of excavation-loading work time
with respect to working time of excavator 1) may be calcu-
lated in the outside of the excavator 1 by a work management
system described later. For example, moving body informa-
tion or each data, which is calculated by the excavator 1, such
as the number of times of loading, the basic excavation and
loading time, the traveling time, the idling time, and the
working time may be output from the input/output unit 66
which functions as an output unit or may be output to the
outside from the storage apparatus (not illustrated) of the
pump controller 31 through an output apparatus (output unit/
not illustrated) in a wired or wireless manner. Then, the soil
amount, the workload, the working rate, and the ratio of
excavation-loading work time with respect to working time
may be calculated and graphed by a computer included in the
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outside and may be displayed on a display apparatus con-
nected to the computer. In a case of outputting the moving
body information or each data to the outside of the excavator
1 in a wireless manner, each data is output from an antenna
117a through a transmission/reception device 117 which is a
work machine-side communication unit illustrated in FIG.
16. A detail of FIG. 16 will be described later. A mobile
terminal may be used instead of the computer included in the
outside and a display apparatus of the mobile terminal may be
used instead of the display apparatus. FIG. 15 is a view
illustrating a daily ratio of excavation-loading work time of a
certain excavator 1. However, this is not the limitation. With
respect to a plurality of excavators 1, a ratio of excavation-
loading work time can be calculated in a similar manner and
comparison with each excavator can be performed. A graph
illustrated in FIG. 15 may be created for each operator. In
addition, the graph illustrated in FIG. 15 may be displayed for
each construction site.

Note that the operator identification unit 70 identifies
operator identification information (hereinafter, referred to as
identification information). The identified identification
information is associated with a number of times ofloading or
basic excavation and loading time of each operator and is held
in the storage unit 67.

Here, the excavator 1 may include an immobilizer appara-
tus. By an ID key in which individual identification informa-
tion is stored, it becomes possible to start an engine of the
excavator 1. When the immobilizer apparatus reads identifi-
cation information of the ID key, information in which the
identification information and the number of times of loading
in a predetermined period such as one day are associated with
each other is stored into the storage unit 67. By outputting the
associated information (number of times of loading of each
operator) to the outside through the input/output unit 66, it
becomes possible to perform operator management to man-
age which operator performs how much work (excavation-
loading work).

Also, when one excavator 1 is used by a plurality of opera-
tors, a plurality of ID keys is used. Thus, work amount man-
agement of each operator can be performed with respect to the
one excavator 1. Also, when setting is performed in such a
manner that engines of a plurality of excavators 1 can be
started with one ID key, by outputting data of vehicle identi-
fication information to identify each vehicle of the plurality of
excavators 1, identification information of the ID key, data of
the number of times of loading, or the like to the outside, it is
possible to manage how much work amount is performed by
one operator with which excavator.

Also, an ID number identification apparatus, to which an
individual ID number is input from the input/output unit 66 of
the monitor 32 and which performs individual recognition of
an operator, or a reading apparatus of an ID card may be
included and individual recognition of the above-described
operator may be performed and the above management may
be performed without using the immobilizer apparatus. Note
that a fingerprint authentication apparatus may be used as an
apparatus to individually recognize an operator. That is, since
the operator identification unit 70 is included, it is possible to
perform work management of an operator.

Also, the setting changing unit 71 can change various set
values (parameter) necessary for determination of a series of
excavation-loading work which values are, for example, the
time integration values S1 to S4 or the integration starting
pressure P1. The setting changing unit 71 can change various
set values from the outside through the input/output unit 66 by
using a communication apparatus which can perform wire-
less or wired communication. The transmission/reception
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device 117 such as what is illustrated in FIG. 16 can be used
as the communication apparatus. When wired communica-
tion can be performed, the input/output unit 66 may function
as a communication apparatus. That is, the transmission/
reception device 117 or the input/output unit 66 functions as
a work machine-side communication unit. Note that by using
an input unit such as a switch provided to the display/setting
unit 27 of the monitor 32, various set values can be changed
through the input/output unit 66.

Note that the various set values can be set by teaching or
statistical processing. For example, the setting changing unit
71 can change setting of various set values (parameter) such
as the integration starting pressure P1 with respect to each
work site or each operator by teaching. More specifically, an
operation of bucket excavation is actually performed and an
operation from an excavation starting posture of the bucket to
an excavation ending posture thereof is performed. In the
excavation starting posture, a predetermined memory button
(not illustrated) is operated. Also, in the excavation ending
posture, the predetermined memory button (not illustrated) is
operated. Accordingly, a time integration value S1 of a pilot
pressure in each operation generated during the operation of
the memory button is acquired and the time integration value
isused as a set value. This memory button may be provided on
the operation levers 41 and 42 or on the monitor 32. Also, with
respect to a different set value, setting can be performed by
similar teaching.

On the other hand, when various set values are changed by
statistical processing, the excavation-loading work is previ-
ously performed for the predetermined number of times. By
using the result, data such as a predetermined operating angle
of'the excavation-loading mechanism or time integration val-
ues S1 to S4 of a pilot pressure during each operation is
calculated statistically. Then, statistical processing such as
calculation of an average value of these pieces of data may be
performed and the acquired result may be used as a set value.

[Work Management System |

FIG. 16 is a view illustrating an outline configuration of a
work management system including the excavator 1. In the
work management system, a plurality of moving bodies such
as excavators 1 is spread geographically and communication
connection between each excavator 1 and a management
server 104 is performed through a communication apparatus
such as a communication satellite 102, a ground station 103,
and a network N such as the Internet. To the network N, a
work management server 105 which is a server of a manager
of the excavator 1 and a user terminal 106 are connected. The
user terminal 106 can access the management server 104 or
the work management server 105. The excavator 1 transmits,
to the management server 104, work information, which
includes the above-described number of times of loading or
basic excavation and loading time, and moving body infor-
mation which is vehicle information including information
indicating a work state such as positional information, oper-
ating time, traveling time, idling time, and vehicle identifica-
tion information of the excavator 1, and identification infor-
mation of an operator. The management server 104 transfers
the above-described work information and moving body
information to a corresponding work management server 105
of each manager.

The excavator 1 includes a moving body monitoring appa-
ratus 110. The moving body monitoring apparatus 110 is
connected to a GPS sensor 116 and the transmission/recep-
tion device 117. The GPS sensor 116 detects a self-position
based on information transmitted from a plurality of GPS
satellites 107 through an antenna 116a and generates self-
position information. The moving body monitoring apparatus
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110 acquires the self-position information. The transmission/
reception device 117 is a work machine-side communication
unit and communication connection to the communication
satellite 102 is performed through an antenna 117a. Trans-
mission/reception processing of information is performed
between the moving body monitoring apparatus 110 and the
management server 104.

FIG. 17-1 is a block diagram illustrating an example of a
configuration of the management server 104. As illustrated in
FIG. 17-1, the management server 104 includes a system
management unit 111 to manage the whole work manage-
ment system, a transfer processing unit 112 to perform infor-
mation transfer processing between the excavator 1 and the
work management server 105, and a management data unit
113 to manage authentication information of the excavator 1
or the work management server 105. Also, the management
server 104 may include a configuration, which is similar to
that of the monitor 32, such as the number of times of loading
acquisition unit 60. In this case, it is assumed that a user is a
system in which direct access from the user terminal 106 to
the management server 104 can be performed. Note that the
input/output unit 66 of the management server 104 is a server-
side communication unit and performs communication pro-
cessing with the outside.

FIG. 17-2 is a block diagram illustrating an example of a
configuration of the work management server 105. As illus-
trated in FIG. 17-2, the work management server 105 includes
a configuration and function identical with those of the moni-
tor 32. The input/output unit 66 of the work management
server 105 is a server-side communication unit and performs
communication processing with the outside. That is, the
input/output unit 66 also corresponds to the user terminal 106.
Thus, when the user terminal 106 accesses the work manage-
ment server 105, work management similar to that with the
monitor 32 can be performed and various kinds of work
management in a wide range can be performed. That is, fleet
management can be performed with respect to progress of
work or efficiency of the work at a place away from a work
site.

FIG. 18 is a view illustrating a display example of work
management in which the number of times of loading is used.
A date on which work is performed by the excavator 1 is
indicated in a horizontal axis. On a left side of the vertical
axis, a working rate is indicated and on a right side of the
vertical axis, a soil amount and a workload are indicated.
Here, the soil amount is an amount of soil carried out from a
certain work site by the excavation-loading work. In FIG. 18,
a soil amount on September 11 is small compared to a work-
load. With this, it can be assumed that work to gather and store
surrounding soil in one place (feed gathering) is performed
instead of the actual excavation-loading work and such work
may be accumulated as a count number of the number of
times of loading.

Note that a display output of a graph illustrated in FIG. 18
may be performed onto the user terminal 106 provided in an
office or onto a mobile terminal of the user. Also, a display
output onto the monitor 32 may be performed. Moreover,
when a working rate is lower than a predetermined threshold,
a percent numeric value of the working rate on the day may be
displayed with a different color or a message may be dis-
played. Also, the graph illustrated in FIG. 18 may be created
for each operator. In addition, the graph illustrated in FIG. 18
may be displayed for each construction site. Also, in the graph
illustrated in FIG. 18, all (all of three kinds of data) may be
line graphs. Moreover, in the graph illustrated in FIG. 18, all
(all of three kinds of data) may be bar graphs. Also, the graph
illustrated in F1G. 18 is an example illustrating a working rate
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or the like with respect to a certain excavator 1 and may be
displayed for each of the plurality of excavators 1. In addition,
as illustrated in the graph in FIG. 18, when a soil amount and
a workload are illustrated in bar graphs, it is preferable that
color coding is performed. Note that in the above description
orin FIG. 18, a case where work management is performed by
calculating a working rate by using the soil amount and the
workload has been illustrated. However, the work manage-
ment may be performed simply by using only the workload of
each excavator 1. For example, by simply acquiring a value of
a workload of each excavator 1 and performing comparison,
it is possible to simply manage in which excavator 1 a load of
the excavation-loading work is large. Also, with respect to a
specific excavator 1, by comparing a daily work amount, it is
possible to manage a state of work simply.

Note that it is not necessary to give a configuration and a
function identical to those of the monitor 32 to the work
management server 105 and the configuration and function
illustrated in FIG. 14 may be kept included in the monitor 32.
In this case, a setting change of various set values can be
performed by intercommunication between the above-de-
scribed work machine-side communication unit and server-
side communication unit. The user terminal 106 can access
the work management server 105 and can perform a setting
change of various set values with respect to the setting chang-
ing unit 71 of the monitor 32 through the work management
server 105 and the management server 104. Moreover, a part
of'the configuration and the function of the monitor 32 may be
included on a side of the management server 104 or the work
management server 105.

Also, the excavator 1 includes a satellite communication
function but is not the limitation. For example, various com-
munication functions such as a wireless LAN communication
function and a mobile communication function may be
included. That is, the excavator 1 includes an external com-
munication function. Also, when it is not possible to perform
wireless communication in a place in which infrastructure
related to the wireless communication is not provided, a con-
nector which can connect a wire for data communication may
be provided to the excavator 1 as a configuration to achieve
the external communication function with a wire. Work infor-
mation and moving body information may be downloaded
through the wire.

REFERENCE SIGNS LIST

1 excavator

2 vehicle body

3 work device

4 lower traveling body

5 upper swing body

11 boom

12 arm

13 bucket

14 boom cylinder

15 arm cylinder

16 bucket cylinder

17 engine

18 hydraulic pump

18a swash plate angle sensor
20 control valve

21 hydraulic traveling motor
22 swing hydraulic motor
27 display/setting unit

28 work mode switching unit
29 fuel adjustment dial

30 engine controller
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31 pump controller

31a operation state detection unit
3156 time integration unit

31c¢ determination unit

31d counting unit

31e mode detection unit
31f'traveling operation detection unit
31g swing lock detection unit

32 monitor

33 swing lock unit

41, 42 operation lever

43, 44 traveling lever

50 dump truck

55 pressure sensor

60 number of times of loading acquisition unit
61 basic excavation and loading time acquisition unit
62 default setting unit

63 workload calculation unit

64 soil amount calculation unit

65 working rate calculation unit

66 input/output unit

67 storage unit

70 operator identification unit

71 setting changing unit

80 fuel injection apparatus

102 communication satellite

103 ground station

104 management server

105 work management server

106 user terminal

107 GPS satellite

110 moving body monitoring apparatus
116 GPS sensor

1164, 117a antenna

117 transmission/reception device

N network

P1 integration starting pressure

S1 to S4 time integration value

The invention claimed is:

1. A work machine comprising:

a work state detection unit configured to detect a physical
amount output in response to an operation of an opera-
tion lever;

a time integration unit configured to calculate a time inte-
gration value by performing time-integration of the
physical amount;

a determination unit configured to associate the time inte-
gration value with a predetermined operating angle of an
excavation-loading mechanism, the operation angle
being associated with the operation of the operation
lever and to determine that the operation of the operation
lever is performed at a time the time integration value is
not smaller than a predetermined integration value;

a counting unit configured to perform accumulation adding
with number of times of loading as once at a time each
operation, of the excavation-loading mechanism, deter-
mined by the determination unit is an excavation-load-
ing work performed in an order of: an excavation opera-
tion; a forward swing operation; a soil discharge
operation; and a backward swing operation;

a default setting unit configured to set a bucket capacity;

a workload calculation unit configured to calculate a work-
load by multiplying the number of times of loading by
the bucket capacity; and

an output unit configured to at least output the workload.

2. The work machine according to claim 1, wherein
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the default setting unit is configured to further set a default
including number of a collectors and a payload of a
collector, and

the work machine further comprises:

a soil amount calculation unit configured to calculate a soil
amount by multiplying the number of collectors by the
payload of the collector;

a working rate calculation unit configured to calculate a
working rate based on the workload and the soil amount;
and

an output unit configured to at least output the working
rate.

3. The work machine according to claim 1, wherein

the counting unitis configured to measure basic excavation
and loading time which is time necessary for a series of
excavation-loading work on which time accumulation
adding is performed, and

the output unit is configured to output operation time of the
work machine including the basic excavation and load-
ing time.

4. The work machine according to claim 1, wherein the
output unit is configured to output the number of times of
loading.

5. The work machine according to claim 1, further com-
prising

a setting changing unit configured to change various set
values necessary for determination of the series of exca-
vation-loading work, wherein

the setting changing unit can change various set values.

6. The work machine according to claim 5, wherein various
set values are values previously calculated by a teaching
operation.

7. The work machine according to claim 1, further com-
prising

an operator identification unit configured to perform indi-
vidual authentication of an operator, and

a storage unit configured to associate operator identifica-
tion information with number oftimes of loading of each
operator and store the operator identification informa-
tion associated with the number of times of loading of
each operator.

8. The work machine according to claim 1, wherein

the operation lever is a pilot type or an electric type, and

the physical amount is a pilot pressure or an electric signal.

9. A work management system comprising:

at least one work machine including:

a work state detection unit configured to detect a physi-
cal amount output in response to an operation of an
operation lever;

a time integration unit configured to calculate a time
integration value by performing time-integration of
the physical amount;

a determination unit configured to associate the time
integration value with a predetermined operating
angle of an excavation-loading mechanism, the
operation angle being associated with the operation of
the operation lever and to determine that the operation
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of the operation lever is performed at a time the time
integration value is not smaller than a predetermined
integration value;

a counting unit configured to perform accumulation add-
ing with number of times of loading as once at a time
each operation, of the excavation-loading mecha-
nism, determined by the determination unit is an exca-
vation-loading work performed in an order of: an
excavation operation; a forward swing operation; a
soil discharge operation; and a backward swing
operation and also configured to measure basic exca-
vation and loading time which is time necessary for a
series of excavation-loading work on which time
accumulation adding is performed; and

a work machine-side communication unit configured to
communicate with a server side and to at least output
the number of times of loading and the basic excava-
tion and loading time; and

a server including:

a default setting unit configured to set a bucket capacity;

a workload calculation unit configured to calculate a
workload by multiplying the number of times of load-
ing by the bucket capacity;

an output unit configured to at least perform a display
output of the workload; and

a server-side communication unit configured to commu-
nicate with the at least one work machine.

10. The work management system according to claim 9,
wherein

the default setting unit is configured to further set a default
including number of collectors and a payload of a col-
lector, and

the work management system further comprises:

a soil amount calculation unit configured to calculate a soil
amount by multiplying the number of collectors by the
payload of the collector;

a working rate calculation unit configured to calculate a
working rate based on the workload and the soil amount;
and

an output unit configured to at least perform a display
output of the working rate.

11. The work management system according to claim 10,
wherein the working rate calculated by the working rate cal-
culation unit is displayed on a display apparatus of a terminal
which can access the server, and at least one of a daily work-
ing rate of a specific work machine, a working rate of each
operator, a working rate of each of a plurality of work
machines, and a working rate of each construction site is
displayed as the working rate.

12. The work management system according to claim 9,
wherein the basic excavation and loading time output from
the work machine-side communication unit with respect to at
least one of a specific work machine in each day, each opera-
tor, each of a plurality of work machines, and each construc-
tion site is displayed on a display apparatus of a terminal
which can access the server.
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